Throughout this paper, A will stand for a fixed excellent integrally closed noetherian ring with quotient field K, I c A will be an ideal such that I = I and A is complete with respect to the I-adic topology.
We will be interested in group schemes over the base scheme: which have particular properties over (1) the generic point 1 E S (2) the closed subscheme So = Spec (A/I ).
If X is a scheme over S, X~ and Xo will stand for the induced schemes over {~} and So . A smooth commutative group scheme G of finite type over any base Z will be called semi-abelian if all its fibres Gz are connected algebraic groups without unipotent radical, i.e., each Gz is an extension of an abelian variety by a torus (= a form of Gm over k (z) ii) construct a kind of compactification:
such that the action of Y by translation extends to P, and Y acts freely and discontinuously (in the Zariski topology) on -Po. Unlike the case of curves, P is neither unique nor canonical! iii) Take the I-adic completion $ of P, construct 13 = B/Y, algebrize B to a scheme P projective over S, and take a suitable open subset G c P:
iv) prove that G is a semi-abelian group scheme over S independent of the choice of P, Gn is abelian, and G0 ~ G0 ~ Gm x So.
We will also show that this uniformization G ~ G is uniquely determined by G, i.e Let A' = {x ~ K|v(x) ~ 01. Let S' = Spec(A') and P' = P sS'. Now A' is a discrete, rank 1, valuation ring with quotient field K, so S and S' have the 'same' generic point, and P, P' have the 'same' generic fibre.
Let P" be the closure in P' of its generic fibre. P" is an integral scheme with the same quotient field as P, namely R(G), and it is locally of finite type over the valuation ring A'. Now S' has only 2 points -its generic point and its closed point. Let P"0 be the fibre of P" over the closed point. hence we get a morphism Spec(R,) P', which takes the generic point of Spec(R,) to the generic fibre of P'. Therefore this morphism factors through P". The image x' E P"0 of the closed point lies over x. The reason for (b) is that G ~ P, and G is smooth of S; so 0 x , S' ce P', and it is smooth over S'; so G s S' Pl 1. This scheme is a relative complete intersection in As r over Sand is smooth over S, hence regular, outside a subset of codimension 2. Therefore P(n) is a normal scheme. P(n) and P have the same function field, so let Z(n) c P(n) x A P be the join ofthis birational correspondence. By (1) and (2), all valuations v of R(G) with a center on P(n) also have a center on P, so Z(n) ~ P(n) satisfies the valuative criterion for properness.
Since Z(n) is at least locally of finite type over pen), by lemma (3.4), Z(n) is proper over P(n). Therefore by Zariski's connectedness theorem, all fibres of Z,n) over P(n) are connected. Now the closed fibre of P(n) is isomorphic to: 252 where k = A/(03C0), which is certainly connected. Therefore the closed fibre of Z(") is connected. Therefore if Wn is connected too. But 1 claim that P0 = ~nWn. In fact, every valuation v with a center x on Po has a center on some P(n) because of (2). Therefore x lifts to a point of z(n) for some n, hence x e Wn . This shows that Pois connected. QED We are now ready to begin the construction of G. The first step is: (3.10) THEOREM. For every n ~ 1, there exists a scheme Pn , projective over A/In, an ample sheaf O(1) on Pn, and an étale surjective morphism:
such that set-theoretically, 03C0(x) = 03C0(y) if and only if x and y are in the same Y-orbit, and such that (9(l) on P x A A/In is the pull-back of O (1) (L) Let B = P -U sy(G) and make B into a reduced closed subyeY scheme of P.
Then S is the formal completion of a reduced closed subscheme B c P. Finally let G = P -B. Then, by construction the I-adic completion of G is , i.e., the I-adic completions of G and of G are canonically isomorphic.
This G is our final goal. We will eventually prove that G is a semiabelian group scheme. If y0 is a second element of YB, and kyj = y*0 + wo as above, then so that 1/1 is a bona fide polarization. We shall apply the basic lemma (4.6) THEOREM. Let (Gi, Yi, 4Jb Pi), i = 1, 2 be 2 tori plus periods, polarizations, and relatively complete models. Let Gi, i = 1, 2 be the 2 schemes constructed as above. Then for all S-homomorphisms 03B1: G1 ~ G2 such that 03B1(Y1) c Y2, there is a unique S-morphism a: G1 ~ G2 such that under the canonical isomorphisms of the I-adic completions of Gi and Gi, a and &#x26; are formally identical.
PROOF OF THEOREM. Consider the torus G 1 x s G2 ; Y1 x Y2 is a set of periods for this torus, Xl x X2 is its character group and 4Jl x 4J2: Y1 x Y2 ~ X1 x X2 is a polarization. Moreover Pi x S P2 is easily seen to be a relatively complete model for G 1 x G2 relative to these periods and this polarization. Now suppose 03B1: G1 -+ G2 is an S-homomorphism such that &#x26; (Yi ) 
